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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent lock release of camshaft 
phase at startup. 

SOLUTION: A lock release chamber 60 to release lock of a lock pin 58 
has a configuration such that hydraulic pressure is supplied only from 
an advance angle chamber. When an engine is started, a hydraulic 
control valve 29 is controlled to supply hydraulic pressure only to the 
advance angle chamber so that hydraulic pressure is not applied to the 
lock release chamber 60 (delay angle chamber). Thereby, the lock of 
the lock pin 58 is prevented in advance from being released at the 
startup. Then, when the necessary period of time has passed after the 
engine startup until the condition is achieved where sufficient hydraulic 
pressure to control the camshaft phase can be supplied, control current 
of a solenoid 53 of the hydraulic control valve 29 is switched to holding 
current that holds the position of the camshaft phase, and hydraulic 
pressure is supplied equally both to the advance angle chamber and 
the delay angle chamber. Thereby, hydraulic pressure is also supplied 
from the delay angle chamber to the lock release chamber 60 and the 
lock of the lock pin 58 is released. 
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[0 0 4 5] ^CT\ x>i?>S«J^l|5]gS2 Hi. 01 1 
t^-ra-y^^iiJffll^n^A^rSlfT-rSC^-e, x 
>5^>J&!ft«ffC % n-y^7fi?^6 0 GIft^4 3) hu 
v?mf$M6 3tcffl£E^*--*''P)*V> < k3tCjlftS4 2 CO 
*tc LT, mmnnyW^S 8<Da-y >r 
»l»*IB±-«-*. f LT> miftTWc, itftM4 2£ 
aft ^4 3<DW^fc^£E^r*Ht5,j;^fcaffM®#2 9 
io J&frJSILT, n-y^»Ri6 0tn7^»iig6 3fca 
•y ^PRfcrSEE^frttTa -y * 5 8 ©□ y * 

So 

[0 0 4 6] 0 1 1 <9D-y ^«H8f»JW^'n^Attx -T 
^x-y-> 3 >X-r-y^2 5©:*:y&tCjlf86tycg|fT£ 

^ffm^oasHTv^ n -y trM&mw^mt lto 

f'y/lOlT', n-y ^7tT>5 8«DD7^ttffiffe5fr 

•y^l 0 2^KcOn-y^<S|^SaS^fT-5c:ii^:<*7 p n 
20 y^A^rJIT-rSo 

. [0 0 4 7] lEXfy/l 0 If, ny^^i 

#29coyby^K53 ©$iJ»Sj5S I 0 teBBS 

LT, rA£€SiJ8S^2 9«X7*y>^5 4 lc J;^>T#f*^: 
»fc£4 2©#fc»ff*(lUlS"r*ffiBte#JW-*-*o CCD 
Sft^4 3tcttEE*<«iS&*tl*V^ca6, a-y^«? 
ffim6 0K««ffi*^*>B!S:V\ 
[0 0 4 8] ^com, Xryn 0 3 til*, ff^Tfcig 

S^WTfi, a&ftSS7*»6, *AWffiffi«iWWr*©K 

$&1?^St«cS§i:^:5cDtc^^:^{i, ^©^cOj*JElH) 
SSco^-^;i/coitea[ (*s{ji<<DffiMm fcjSUT^fbU 
^--T^cDttfifiJftSfciJSUT^fb-rSo ffi^T, ?SSco 

ftfflitiHTfc s ^Tkis*/^'? p< - ^ r s -7 -y yiz «t t> 

W)£B*IBT*BBtg-rntf, +»*J*flE*«Wft1»**tt« 
£ a££S&ttHtfMtifltc <fc o T^fb-T « cote fcfjfc 

[0 0 4 9] WSl«mTO*ai«» 7*7- y 7 \ 0 4 Kit 

«!&i!i^T^p>©sii^*fi-^-ri,tei!)^A^>^ 
(01 2#eg) cD^^hffiicfcti, ^H)^7^e.m^ 
t Jb^iSLfeA>g*^¥ij« u m^Rfra T ^igia L 

so »ff*«|ftT?#a:V^!pJBfl,T, X^-y^l 0 4T*#tS 
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T3o 

[0 0 5 0] Xf7/I0 4t, ^»^7*^ 

BrJ£B*MT#«»Lfci:*J£*ftfcB$K:» aAtWftffl* 

7^10 5 tcit*, ttffSJffll# 2 9 O^rV by << K 5 3 
cO»JSfSSt I *s MlsKOx^^^siE^^^^Lfc^ 
I h tc&S. LTx itftS 4 2 fcJi^S 4 3 OJiSt 
cntCfc!?, ilft^4 3frP>a>y^8¥ 
iS6 0tD7^«6 3ttiEi!)WnT, a 
•y*fiPRfti*E**a-y*fc;>5 8dX/U>^*6 2<D(fte 

>5 8 tfa-y <7^5 9 fr5J¥LW StXT, n-y^fcT>5 

[0051] m±mm\stcmmm c 1 ) <on -y ^n?^ 

$iJ®O*ff^0 1 2©£-f'A^-t'-h;&ffl^TtfcI?S-r 
5o ^^-7->3>X^7f 2 5£D^>tCj; 9X>->*y 

i lo^^^yMmjnsi:^ *^^>t*2 8 

*MSI£bTttff#±#U!&a&5;<^ m&m4 2<Dfrlcm 
JE*«*S-f § <fc ? tcriffSiJffll^ 2 9 ©y U/ ■< K 5 3 CO 

&mnffi*fflmvT. D7»i6o dM4 3) 

[0 0 5 2] C<DUy9tm&B0kUy9fflmB3 
3©«WT««ar*ST?«ttStl, «M»3ST*»5, #A 

*s-pfc<ea!ftms«fiiBT«««iaLfc«f^-e, »jE»jSi 

#2 9 coy by K 5 3 cOMfflimiJit^ fulelcoxy-yy 
g&S4 3frP>ay ?mf%m6 0 ?M®m6 3lc 
[0 0 5 3] W±BWILfc*iS0K!l8 ( 1 ) tc«fc4"U±\ & 

ift^tca, uyzmffi.m.&okuyt>mmmG3\cmm 

f&«f t^ffliStc A Atftffifflco a -y ^ tfiiJtiT b S o 
[0 0 5 4] »i^7tTt, *Attttffl*IW 

a7*il»i6 0tD7fl!lii6 3fcn>y*fi¥RfciiBE 
£n n-y^tf^S 8C0n-y^?r^-r5<t3tLTI/>5 



[0 0 5 5] bfrfc. *mm&M (1) T*tt, 

^coBtcoft&ig (^--r^coiteS) fcjESUTMk-r-sc £tc 

[0 0 5 6] *nMBm (1) T?«> n-y^fl¥(^ 

^6 0£iI&S4 3tSji^-&Tii^S4 3fr?>a-y^ 

10 »wai6oi:ay*jipi88i(i6 3fcaff*fl«&-r*«ij«i 
smmm 9**iwu *6»^t»»c, mnm.4 2 tii 

£^4 3<OM^»ctt£E«r«*&f SJ:-5tc}ftff»Jffll#2 9 
ZMfflLTu-y 5\s>5 8coa-y ir*MW?Z>£r> tL 
Tv^cot\ ay ^#Pii6 0^©JSmco«J&iiK©fi! 
fig^ffimftf £C£#T-£3i:;J±t;:, 3i£i^4 2 
^4 3cO»ffi^rS<J®-r^?4 l ESiJ®#2 9*^<OS$?iJffl 

LTavtMftitDfflwttfrvck&T'Zr. mm<om 

20 ki$T*%2> a 

[0 0 5 7] We, (1) T?tt, D-y>7tfy 

5 80>n«y**j|?HiT*IRK:, »fflM»#2 9<OVby 
K5 3 co$iJ8Pmiffi«\ HuHJ<Ox>^>jI£4H;:9*SL 

fc«»s«tih kiiwlt, mn-g.4 2tmn^.4 3© 
[0058] is, ««fm8if 1 h *¥mTz>mm (unm 

S^OiSSIf «t»-^v>T«^p«jjit I h *WtB-J-*«» 

i!S I h ti. ^f';l/<OttS (atlbtt) iciSUTKftiU * 
co«ffl1f^T'S-5^3i7j<}a, xyyyjgatcS-^t/^T^ 

[0059] mmmm (2) ] *ic, ^m^mm 
m (2) ^01 3ji,Miai 5^fflv>ri«^-rs 0 

[0 0 6 0] ±ie^}gffi (l) -Ptt,.ny*MMt*6 
0*j1^S4 3 tilii$-a-T®^^4 3fr<bU>y?M& 
S 6 0 fc D <y ^MRjSjR 6 3 »C»ff*«|ftT**lJ*fc b/c 
so *HfigJg« (2) T'«, HI 3fiOU 4JC^-T«fc 
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?L7 0 4 1 icBfRLT, Mft^4 2frt>uvt 

Mm%6 3£rjILTn*y^7M5 9rtOn7*Dfftf6 0 

2 8€><±ffi»c&. }*ffi*«tB-rsttffi-fe>-9- (HaH* 

±e*«}B» (i) tni:-e*«. 

[0 0 6 1] *H5B5^S| (2) T*HfT*nSHl 5<DD 

Xfy^l0 2 a<D4fl3fc:£MU Xf77l03, 1 
0 4^Xf77l 0 4 aOjaajc^MLfefeO-efeO, 

[0 0 6 2] *^D^7Am 7srv~f\ 0 1 Toy 

1JP#2 90V l//^ K 5 3 I jI£|^4 

3o»*caffi*«»'r*j:5»i:«i«i"r*o it 
nm4 2fc?SEE^«*&«nftv>fe46. drunks 6 o 

[0 0 6 3] Xry^l 0 4 atcffl^ *>f;l/ 

2 8^6Rtasn*»ffi*mje^p*»T»titf. * 

^fcJpJBfLT, Xf77l0 4at^m o 

F 5 3 0$fJ9?m^ I £fiHmiE I h *c!9^ IT, jift^ 
4 2 £>Ift^4 3©W#fc»EE*«»U iift^4 2*> 

P)D7»l60^D7^i«6 3tCrfiJE^T«S&b 

Tn-y*fcT>5 8©Dy Wf 7^1 0 

5) o 

[0 0 6 4] W±KWbfcH«JB!B (2) lC*V>Tfe, 
D7^»ii6 0tu>y?mfm6 3 tc« 

£ Alfiffitgco a >y MRS nttS^C^ 

[00 6 5] Lfrfe, *%fitBgAR (2) Ttt. 
>:/2 8fr6tttUSn*»fiE««mSflE*PJM±te±#L 
T^5ny*»ii6 0tD7*BB«6 3lcaE*« 



[0066] ^mmmm (2) 

2 8*6i±a*n*ttBE3VmiEflE*PJ^fc:±#fLT** 
6n7*iHg6 0£ay*8¥RfciS6 3fc»EE*«f&-r 
S£*lcLfe*ft> fuI2*fi&JgfS (l) fcHU<, ftm^ 
7*6Bf)ei»IIBTWJiaiLT**6ny £8¥B§^6 Olefa 

[0 0 6 7] [XfllBHB (3) ] #f§W<DilSSSJg 
tt (3) «B1 67^S0 1 8*fflt^RKtSo ffiU 
fufE^S&gJg (l) iHHWfclRlUgp^teittig— 

10 f*LT«w*«»-ra 0 *^ss^« (3) 01 7 

St/H 1 8lc^-r£5fci. *l£>5 8©***WBSB5 
fc»**tlft*»7 nciot, HASP** 6 ltay* 
If > 5 8 ©BOTTOM DyJilIS7 2tD7?iaRS 
&ffl£>?4JBEM7 3 fclcEHSftTi^So fLT, a *y * 
faJBE^ 72i:P7 ^»IK««FfflOttflES 7 3 fc&ftg 4 

2fr6aff*«j&-r*fe*^ -<->4 uci^ mnm 

4 2teaii-TSoy *?*BS7 4 tuy trWKk&&m<Dib 
967 StffimStlT^&o /\Wl/l?3 lteti, 

o^»BS6 0£ilft^4 3i:^IIt§D7^ 
20 ftjgg 7 6 *«Bj«SftTl^So 

[0 0 6 8] 01 7\ctf;T&oIC, ^>i/>{f±rp^ 

» l»fil«fffl^)?4K 7 5 «rSv>"C\ n *y ^iftEg 74^7 
*»ES7 2fciiiB**fc«||Bfca:oT^*o COfc 
«>, itft^4 2fr6n7*iES7 2»C»ffitf«>ftS 
30 COttfiEfcX^U 2te<fcoTny {?\f>5 8 

[0069] fit, x>y>»iS7«, mnm4 2 

cfcoT^CD^:-5tCLTD^y^kf>5 8 0Dy^«J 
n§ 0 Iftl4 3fr5uy ?«?|i»(87 6*ILTD7 

^IrI<0**^ D^^fflJES7 2<0}ftJEfcX^y >df6 
2fc:J:^Tfti:*ny*#i«ao* i t»)fe*|?<.**i:. 
40 D^^tfVS 8^a*y^7v:5 9*^6if LffiStlTBI 1 8 

[0 0 7 0] L(^D7^KWm Ml %\Z7fC?& 

■5tC D^^bT>5 8^#g|57 1 tfn?*»tt7 4«rS 

^^4 Zfr&Uy#mt*m*mvmEA7 3KtoBEifi& 
$&^n, C ©n y *»l»fia$fflO}|fcES 7 3 OftE (M 
^^4 2(Drftff) kayir|PHffl[6 0Ott£E (51ft S 4 
50 3^r4ff) i:(aotn7^if>5 8^X/';>^6 2 
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[0071] x>s;>i»E4itt % 2 tmnm4 

[0 0 7 2] x>>?> 1 1 £;#ibB#tc. x>^y@fia 
OfgT (*Y;W<>:/2 8 OtttBJEtffgT) ii 

«#«<DflSff^7 3<£>r*JE Gt£lM4 2c0tftEE) tD7 10 
5Mmm6 0<DmEE (il^^4 3C0r*JE) tfffiTLT, 

X^U>^6 2€>tf^tc^^Tn^i7br^ 
5 8tf^ffiLTn>y^5 9tC«£D&tr£«Mc3:S 0 

[0073] ^mmmm C3) x>^>$ijffl[H]8§ 
2 1 ti. Mmnmmm en t^csi KDuytmm 

Wmzfuf^Kitmj IT, xy^^i&^tc, n*y^ 
£^4 2<D^rSffi^«^LT. &I&B#<Dn^lf>5 

£)^4 3 0^tCjflEE*^Ht^^-5tcr6EESfJ®I#2 9£r 
u^^tf>5 8 0n^i7^rP(^-r^ 0 <:£T\ u^tm 

mn'ngkm*. mar. s&i&^&m^ra^iaLT^ 
§c^, x«\ ^--r;i/^>^2 8^e>qtai^n^r4ff^ 

[0074] &L±mwLrcnmmm (3) oy* 

H>5 8tfn-y*{ftBfc*S:0»Wi. ii£)^4 3<Dte 
JE*ny^if>5 8 0ny*#|fgicftJB£-*2\ n^tf 30 
>5 8^n^^^fflH^fe^«ft|T^. ii£j^4 3<D 

8 £rn *y *»RfcffiBfc:£^ lT«Sft4 C i*^t?f?S 0 
[0 0 7 5] ±ia*f»B» (3) fcttSifc, n^>7 
»il6 0*ilft^4 2lcSiI£i2\ UvtmEMl 2 

tuy ^mmunm<omsM 1 3 *mn^ 4 3 testae 

^^4 3 U *&«GS7«fciift£4 2 40 

^j1^M4 3 0S5^cittEE**^J'S«fc9^fS£ES»J»#2 

[0 0 7 6] [*35£m« (4) ] ±I3#*»«!B ( 1 ) 
- (3) T-fcfc, ny*#^6 0*itftg4 2Xfcfciift 
^4 3£3ffi£-£Tjl£|^4 2XliiftS4 3fr6ny 

mm 2 2 iZTr.T^mcommmm (4) r*«. it£§4 

2 i:ilft§4 3 i»gijOSK"eny 9ftODy* 
»»*6 0k:»ff*«l6-ra«l*i:LTv^o WT, bu 
ffi^fifcjgffi (1) fcS4§«»t^v^T, RRHJtWL so 



[0 0 7 7] 1^1 9 71SH2 1 ICS^ «fc ii^S4 
2 4 3 0?SJE^r$fjeiJ-ra^flE$iJSi)# 2 9 Offi 

K\ Dy^»^WSO»^fSffStJSil#7 8 (SSftflE^frJ 

tcii*pjgfiic?tifc3s«(D«p^j»7 7&mm&mm»f*7 

§o »BW»7 7te»«StiftDPIft«B7 9«. ®^<1* 
AMI 6&tHOl/h3 7(7)rta5^rSjiLTn-^ 3 5 ft 

8PkuKjsg*nfc3iia3FL8 otaii-r««fc-5fcjBfiKsn, 

2 0»tfB2 1#M) o 

[0 0 7 8] »RfcMflESJ»#7 8tt, yix/^K8 2t 
X7V>78 1 1?#**Btt * 2 *^ h 3 ttl«ft# 

it 6 3tcrSE^«J&f ZGLWt. n^iif60^n 

meotuytmffime 3*t^;ut:>y2 8£ ku> 

cDV>*rntc fc L&^ffiB OBT*« t) Slit & ck -5 lc 

[0 0 7 9] *Mffi&m (4) T*ti\ x>^>#J»IhIK 
2 18, 02 2<DUy?M&Mm'7n?^2±*m'<7-t 

WSStlSfc, Xf7^2 0 2^I^ «FI»ttfiE*Jfll# 
7 8©Vl/y>rF8 2©W«lt«*, D7»f60 
fcoy*»l*»6 3*cttBE««J&La^ffiB («!l*tfn 

t#*«««»)ilto*«t5k:»J»-r«o 
[0 0 8 0] X-r^^2 0 3Jcjt», Jftffi*iJ» 

#2 9©VU/Y K5 3 0*(l»B8K*JIftS4 3 O^tC 
»E*«et5<t5fcM»U *OXf^y2 0 4T% 

4 3^©ttflEfla»B»»*6m««FBis^«aLfe 

fccfc^T«firtffOx7 y -^ffi»SOJCi^a:«pBk:R 

[0 08 1] Xf7/2 0 4T% ii^^ 4 3^ 

^/2 0 5tCit^ ?ftEEi8#2 90yi/y>f F5 30 

i zummm. i h tctg^Lr. 4 2 tig 

ftS4 3©iaS75t«:affi*«tl&L, ^Xf7/2 0 6 
^ 0 comSWWTtt. »»7kffl. SISiiaK. 

K»ft»IB*0tiaT«^»IIBk:H3e«ti*. 
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[0 0 8 2] ^C0^, 7f772 0 6T\ S&»^T*6 

^^2 0 7tcit^ *p^ftjE©J8?#7 8 toy i<y>r K8 

2 OSUflWK* P y ^ jiPI&M 60tay ^ft?B£i» 6 3 l£ 
[0 0 8 3] JM±BM8Lfc*«Jgtt (4) iCfc^T^ 

p v tmmm eotuy zmrnm 6 3 \cm&* 
[oo8 4] ^c5t% *nmmm (4) ^-mc. a 

ft£42i:iift£43 fcttgiJ(0«K-ea * *ft¥l&M 6 0 

^14 3<DW7?JC?SJE^r|5l^c«|&-rSJ:5tcLTfeS 
fc#*t<fcoTL*l,\ it£i^4 2^>Iftl4 31cjlT 

[0085] z<d^ *nmmm (4) w** o^tr 
[0086] m, ±$mmmm (4) th±. 1^43 

JC»JE*«ieLT^6MS4 2, 4 3 lci&EE*mife'?Z> 

2. 4 3lcfaff*#*&-r*cfc-5fcLTfcfit\, 
[0 0 8 7] ii£j^4 2 £jI£§M4 3 

U7^«?il6 0i:D7^S6 3<Dmmfam* 

m*<omtm (»ffi«w#2 9 tft?^ttjE*ijfflj#7 8) 
[0088] &L±mwi,rc&nMBmviz, uyt\£> 

^K5 3) 0fHn«»£ % *K8JlfflLft««ft»I 
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[0 0 8 9] £fc, ±IS**«»««, 
»J»«fifcjBJBLTfcfiv\, ^Oflk /^l/^ 

10 [0ffi<O@«i£:I«B;§] 

[01] *fzw<Dmm&m (1) ^tw^>xfA± 
[02] mmmm en ^w^^s^siSEgB© 

*G£»T®0 

[B3] H2©A-A3»tC}9oT^"rBfffiBI 
[H4] H2<OB-BJ8tc»oT^*r»fffiBI 
[0 5] H40C-CjBt»oT*tRffi8 
[0 6] SIJKBIg (1) 0D7^1f>00 7^UcS^ 

20 [07] $mmm en ©D 7 ^t:^D7^«s 

^TSP#ffi*:fgT®0 

[08] x>^>»J»i5|Ko/vi/r*>f 5>^»J»«rffi 

[09] *AttfflffloaftaaH#tt*^"rH 

[0 10] ^BaE^SffiOfiHfWSK^B^S^KW-r 
^rca6co^n>y^0 

[011] nmmm en on^^wiya^A 

©^aacD8Sti«r^*r 7 n — — b 
[01 2] HSfcJfcjg (1) cO»»J^-r^>fAf-t- 

30 h 

[013] *«woms?gffi (2) <z»w7*<<r^i/# 

Hg^B£>#r®0 

[014] USS^ffi (2) ©ay^e>oay^«JB* 
^-rgp»ffi^:®T®0 

[01 5] nmrnm (2) oa^^i^jiyn^A 
o^as^asn^-r^p— h 

[016] ^O^S (3) 0;W7>-f5>y 
lSS^BO»f®0 

[017] mmmm (3) ©Dy^tfxon^^* 
[01 8] mmmm (3) on^^ifvooy^^ 

[019] *5gfJ§<D*8SJgJg (4) (D^;l/^^-r^^^7 

[02 0] 0 1 9OD-D^C?ttoT^*r®T®0 
[02 1] USSJBfg (4) OD7^lf>Oa7^» 

^T35#ffi*»rffi0 
[02 2] $m&m (4) <DTny?ffif&fflffl7tif7L> 

<D!lim<Dffitl&xkT7 P— ^-v - h 
50 [023] 86*0/^1/^*^ ^ >^ISS^BOBf®0 
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1 1 ■ -X>->-> (AftSflUB) , 1 2-*5>**l. 1 
4. 15 ■X^7F, 1 6-RjJAA*, 1 7 ■• %t 
1 8-vVI/r*^5 5/ySJaE«B, 19-* 
Aft-tr>+)\ 2 0 ■••^7>^-b>^ 2 l •••x»"> 

#S) , 2 8 -^WV/, 2 9-i*E1MW*> 



3 5-n-* (Sg 2 CDIs]^) , 4 0-i«tt, 4 1- 
^— 4 2 •Jtft^ 4 3-jgftS. 5 

7 3 -"Dy*j|HfemeH0ttEEfe 7 8 
$|J®# (ttflEEEAm^ft) .79 
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(72)5g0j!# n± IES F£-A(##) 3G016 AA19 BA23 BA28 CA04 CA24 

Sftimtm-ftmmm 1T§1 #i& CA26 CA36 DA06 DA22 DA23 

n GA01 GA03 GA04 GA07 

3G084 BA23 CA01 CA07 DA08 DA39 
EB11 EB17 FA10 FA11 FA20 
FA33 FA36 FA38 
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EA11 EA12 EA13 EA14 EA15 
EA17 EB02 EB03 EC01 EC05 
FAOO FA09 FA14 FA31 FA50 
GA01 GA10 HA05Z HA06Z 
HA13X HA13Z HEOOZ HE01Z 
HE03Z HE08Z HF19Z 



Japanese Publication number : 2001-050064 A 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The 1st body of revolution rotated synchronizing with an internal combustion 
engine's crankshaft, and the 2nd body of revolution connected with the cam shaft which is 
arranged said the 1st shape of body of revolution and the same axle, and carries out the 
closing motion drive of an intake valve or the exhaust air bulb, The vane which divides the 
fluid room which was established in either of said 1st body of revolution and said 2nd body 
of revolution, and was formed among both body of revolution in a tooth-lead-angle room 
and a lag room, The fluid pressure control means which controls the fluid pressure 
supplied to said tooth -lead -angle room and said lag room, By controlling said fluid pressure 
control means, changing the fluid pressure of said tooth-lead-angle room and said lag room, 
respectively, and carrying out relative rotation of said the 1st body of revolution and said 
2nd body of revolution The valve timing control means which the rotation phase 
(henceforth a "cam shaft phase") of said cam shaft over said crankshaft is changed, and 
carries out adjustable control of the valve timing, The lock means energized so that said 
cam shaft phase might be locked with the middle lock phase of the range which can be 
adjusted at the time during a halt of an internal combustion engine of starting, In the 
adjustable valve timing control unit of the internal combustion engine having the lock 
discharge room to which the fluid pressure of which the lock of said cam shaft phase by 
said lock means is canceled is supplied The adjustable valve timing control unit of the 
internal combustion engine characterized by having the lock discharge control means 
which controls said fluid pressure control means so that the fluid pressure which makes 
lock discharge cause is not applied to said lock discharge room at the time of starting. 
[Claim 2] It is the adjustable valve timing control unit of the internal combustion engine 
according to claim 1 characterized by controlling said fluid pressure control means so that 
said lock discharge room is opened for free passage with said lag room, fluid pressure is 
supplied from this lag room and said lock discharge control means supplies fluid pressure 
only to said tooth-lead-angle room at the time of starting. 

[Claim 3] It is the adjustable valve timing control unit of the internal combustion engine 
according to claim 1 characterized by controlling said fluid pressure control means so that 
said lock discharge room is opened for free passage with said tooth-lead-angle room, fluid 
pressure is supplied from this tooth-lead-angle room and said lock discharge control means 
supplies fluid pressure only to said lag room at the time of starting. 
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[Claim 4] It is the adjustable valve timing control unit of the internal combustion engine 
according to claim 1 which fluid pressure is supplied in path in which said tooth-lead-angle 
room and said lag room of said lock discharge room are another, and is characterized by 
controlling said lock discharge control means so that the fluid pressure which makes said 
lock discharge room cause lock discharge at the time of starting is not applied. 
[Claim 5] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 1 to 4 characterized by continuing the 
control which does not require for said lock discharge room the fluid pressure which makes 
lock discharge cause until a predetermined period passes since the completion of starting. 
[Claim 6] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 5 characterized by setting up said 
predetermined period according to fluid temperature. 

[Claim 7] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 5 characterized by setting up said 
predetermined period according to cooling water temperature or engine temperature. 
[Claim 8] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 1 to 7 characterized by being 
characterized by starting supply of fluid pressure in said lock discharge room when the 
fluid pressure controlled by said fluid pressure control means becomes more than a 
predetermined pressure. 

[Claim 9] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 1 to 8 which is in the condition which 
supplied fluid pressure to at least one side of said tooth-lead-angle room and said lag room, 
and is characterized by supplying fluid pressure to said lock discharge room, and canceling 
the lock of said lock means in case the lock of said lock means is canceled. 
[Claim 10] Said lock discharge control means is claim 2 characterized by controlling said 
fluid pressure control means and canceling the lock of said lock means so that fluid 
pressure may be supplied to both said tooth-lead-angle rooms and said lag rooms in case 
the lock of said lock means is canceled, or the adjustable valve timing control unit of an 
internal combustion engine given in either of 3. 

[Claim 1 1] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 4 which is in the condition which 
supplied fluid pressure to ** of another side, and put fluid pressure on both ** after 
supplying fluid pressure to one ** of said tooth-lead-angle room and said lag room, and is 
characterized by supplying fluid pressure to said lock discharge room, and canceling the 
lock of said lock means in case the lock of said lock means is canceled. 

[Claim 12] It is the adjustable valve timing control unit of the internal combustion engine 
according to claim 1 to 11 which has a holding current study means to learn the control 
current of said fluid pressure control means holding said cam shaft phase as the holding 
current, and is characterized by setting up said lock discharge control means near the 
holding current which learned the control current of said fluid pressure control means at 
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the time of canceling the lock of said lock means with said holding current study means. 
[Claim 13] It has a holding current calculation means to compute the control current of 
said fluid pressure control means which holds said cam shaft phase based on temperature 
information, such as fluid temperature, cooling water temperature, and engine 
temperature, as the holding current. Said lock discharge control means is the adjustable 
valve timing control unit of the internal combustion engine according to claim 1 to 11 
characterized by setting up the control current of said fluid pressure control means at the 
time of canceling the lock of said lock means near the holding current computed with said 
holding current calculation means. 

[Claim 14] Said lock discharge control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 12 or 13 characterized by setting the 
control current of said fluid pressure control means at the time of canceling the lock of said 
ROTSU <DP N=0003> KU means as the value which carried out the predetermined value 
offset of said holding current. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the adjustable valve timing control unit of 
the internal combustion engine which had the function which locks a cam shaft phase in 
the abbreviation mid-position (middle lock phase) of the range which can be adjusted at the 
time during a halt of an internal combustion engine of starting. 
[0002] 

[Description of the Prior Art] In recent years, in the internal combustion engine carried in 
a car, what adopted the adjustable valve timing control unit for the purpose of the 
improvement in an output, fuel consumption reduction, and exhaust air emission reduction 
is increasing. For example, as shown in drawing 23 , the fundamental configuration of the 
adjustable valve timing control device of a vane method arranges the housing 1 which 
rotates synchronizing with an engine crankshaft, and Rota 2 connected with the cam shaft 
of an inhalation* of* air (or exhaust air) bulb in the shape of the same axle, and divides it in 
the tooth-lead angle room 5 and the lag room 6 by the vane 4 in which the fluid room 3 
formed in housing 1 was established in Rota 2. And the rotation phase (henceforth a "cam 
shaft phase") of the cam shaft over a crankshaft is changed, and it is made to carry out 
adjustable control of the valve timing by controlling the oil pressure of the tooth-lead-angle 
room 5 and the lag room 6 by the hydraulic control valve, and carrying out relative rotation 
of housing 1 and Rota 2 (vane 4). 

[0003] In order to prevent the noise by vibration of the vane 4 at the time of starting, the 
adjustable valve timing control device of the conventional vane method is the maximum 
lag phase to which the lag of the cam shaft phase was carried out most, and he is trying to 
lock relative rotation with housing 1 and Rota 2 (vane 4) by the lock pin 7 at the time of an 
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engine shutdown (at the time of an oil pressure fall). Therefore, in order to start with the 
maximum lag phase at the time of starting, the maximum lag phase is set as the phase 
suitable for starting. 

[0004] However, with this configuration, since the maximum lag phase will be restricted 
with the phase at the time of starting (lock phase), the range of valve timing (cam shaft 
phase) which can be adjusted will be restricted with a lock phase, and there is a fault that 
the range of valve timing which can be adjusted is narrow. 

[0005] Then, as shown in JP,9 324613A expanding the range of valve timing (cam shaft 
phase) which can be adjusted is proposed by setting the lock phase at the time of an engine 
shutdown as the abbreviation mid -position of the range of a cam shaft phase which can be 
adjusted. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, the lock pin 7 which locks a cam 
shaft phase is energized in the lock direction by the spring, and he is trying for lock 
discharge to make the oil pressure of both the tooth-lead-angle room 5 and the lag room 6 
act in the lock discharge direction to a lock pin 7. During an engine shutdown, since oil 
pressure falls, it is held at the condition that the lock pin 7 got into the lock hole according 
to spring action, and the cam shaft phase was locked with the middle lock phase. Therefore, 
if it starts at the time of engine starting where a cam shaft phase is locked with a middle 
lock phase, and the oil pressure of the tooth-lead-angle room 5 and the lag room 6 rises by 
the rise of the oil pressure accompanying the rise of a subsequent engine speed (oil-pump 
rotational frequency), a lock pin 7 will be extruded by the oil pressure from a lock hole, and 
the lock of a lock pin 7 will be canceled with it. 

[0007] However, with this configuration, since the oil pressure of both the tooth-lead-angle 
room 5 and the lag room 6 acts in the lock discharge direction to a lock pin 7, although the 
oil pressure of another side is low when either oil pressure of the tooth- lead -angle room 5 
and the lag room 6 becomes high previously, a lock pin 7 may always be canceled by the 
rise of the oil pressure accompanying the rise of an engine speed (oil-pump rotational 
frequency), at the time of engine starting. Even if a lock is canceled in such the condition, 
in order for a cam shaft phase to be unable to change suddenly at the moment of lock 
discharge, and to be unable to control valve timing to desired value, since the oil pressure 
of another side is low, consequently to start by un-proper valve timing, startability worsens, 
and it will become instability until engine starting time amount becomes long or oil 
pressure rises [ the engine operation condition after starting ]. And since the location of a 
vane 4 is not fixed until oil pressure rises, a vane 4 also produces the problem of colliding 
with housing 1 and generating the noise. 

[0008] This invention is made in consideration of such a situation, therefore it is in the 
purpose offering the adjustable valve timing control unit of the internal combustion engine 
which can prevent certainly that the lock of a cam shaft phase will be carelessly canceled 
at the time of starting. 
[0009] 
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[Means for Solving the Problem] In order to attain the above-mentioned purpose, with the 
adjustable valve timing control unit of the internal combustion engine of claim 1 of this 
invention, a fluid pressure control means is controlled by the lock discharge control means 
so that the fluid pressure (henceforth a "lock discharge pressure") which makes lock 
discharge cause is not applied to the lock discharge room of a lock means at the time of 
starting. If it does in this way, it can prevent certainly that the lock of a cam shaft phase 
will be carelessly canceled at the time of starting, and problems, such as startability 
aggravation by unprepared lock discharge, engine controllability aggravation, and noise, 
can be avoided. 

[0010] In this case, it considers as the configuration in which a lock discharge room is made 
to open for free passage with a lag room, and fluid pressure is supplied to a lock discharge 
room from a lag room like claim 2, and you may make it control a fluid pressure control 
means to supply fluid pressure only to a tooth-lead-angle room at the time of starting. If it 
does in this way, since the control valve (fluid pressure control means) which controls the 
fluid pressure of a lag room can be made to serve a double purpose as a control valve which 
controls the fluid pressure of a lock discharge room, the control valve of the dedication 
which controls only the fluid pressure of a lock discharge room is not needed, but moreover, 
the configuration of the supply path of the fluid pressure to a lock discharge room can be 
simplified, and the cost can be cut down. 

[0011] Moreover, it considers as the configuration in which a lock discharge room is made 
to open for free passage with a tooth-lead-angle room, and fluid pressure is supplied to a 
lock discharge room from a tooth-lead-angle room like claim 3, and you may make it 
control a fluid pressure control means to supply fluid pressure only to a lag room at the 
time of starting. Also in this case, as well as above-mentioned claim 2, the control valve of 
the dedication which controls only the fluid pressure of a lock discharge room is not needed, 
but moreover, the configuration of the supply path of the fluid pressure to a lock discharge 
room can be simplified, and the cost can be cut down. 

[0012] However, like claim 4, this invention may constitute a lock discharge room so that it 
may be supplied by fluid pressure in path in which a tooth-lead-angle room and a lag room 
are another at a lock discharge room, and it may control it so that a lock discharge 
pressure is not applied to a lock discharge room at the time of starting. Even if such, it can 
prevent certainly that the lock of a cam shaft phase will be carelessly canceled at the time 
of starting, and problems, such as startability aggravation by unprepared lock discharge, 
engine controllability aggravation, and noise, can be avoided. 

[0013] Moreover, even if starting is completed, before sufficient fluid pressure to control a 
cam shaft phase (location of a vane) is supplied, it will take a certain amount of time 
amount. If the lock of a cam shaft phase is canceled before fluid pressure rises to sufficient 
pressure, a cam shaft phase will not be able to change suddenly at the moment, and valve 
timing will not be able to be controlled to desired value, but an engine operation condition 
will become unstable. 

[0014] You may make it continue the control which does not require a lock discharge 
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pressure for a lock discharge room until a predetermined period passes since the 
completion of starting like claim 5 in consideration of this point. If it does in this way, after 
time amount required to supply sufficient fluid pressure to control a cam shaft phase 
(location of a vane) will pass, before being able to cancel the lock of a cam shaft phase and 
being in a controllable condition about a cam shaft phase, it can prevent that the lock of a 
cam shaft phase will be canceled. 

[0015] In this case, time amount required to supply sufficient fluid pressure changes 
according to the fluid viscosity at that time (fluidity of a fluid), and since fluid viscosity 
changes according to fluid temperature, you may make it set up a predetermined period 
like claim 6 according to fluid temperature. If it does in this way, the predetermined period 
which forbids lock discharge with fluid temperature (fluid viscosity) corresponding to time 
amount required supplying sufficient fluid pressure changing can be set up proper. 
[0016] Moreover, fluid temperature has cooling water temperature, engine temperature, 
and a correlation, and since cooling water temperature and engine temperature can be 
detected or presumed from the output signal of a sensor generally established to an 
internal combustion engine, you may make it set up a predetermined period like claim 7 
according to cooling water temperature or engine temperature. If it does in this way, it is 
not necessary to newly form the sensor which detects fluid temperature, and-izing of it can 
be carried out [ low cost ]. 

[0017] Moreover, when the fluid pressure controlled by the fluid pressure control means 
becomes like claim 8 more than a predetermined pressure, you may make it start supply of 
fluid pressure in a lock discharge room. If it does in this way, after fluid pressure rises to 
sufficient pressure to actually control a cam shaft phase (location of a vane), it can cancel 
the lock of a cam shaft phase and can start valve timing control. 

[0018] By the way, in case the lock of a lock means is canceled, it is good to supply fluid 
pressure to a lock discharge room, and to cancel the lock of a lock means like claim 9, 
where fluid pressure is supplied to at least one side of a tooth-lead-angle room and a lag 
room. 

[0019] For example, by the system which supplies fluid pressure to a lock discharge room 
from either ** of a tooth-lead-angle room and a lag room, where fluid pressure is supplied 
to ** of another side, supplying fluid pressure to one **, fluid pressure is supplied to a lock 
discharge room, and the lock of a lock means is canceled. Moreover, a tooth-lead-angle 
room and a lag room are in the condition which supplied fluid pressure to both the 
tooth-lead-angle room and the lag room in the system supplied to a lock discharge room in 
another path at fluid pressure, fluid pressure is supplied to a lock discharge room, and the 
lock of a lock means is canceled. If it does in this way, since the lock of a lock means can be 
canceled where fluid pressure is equally put on both a tooth-lead-angle room and a lag 
room, in any case, a cam shaft phase can be held near a middle lock phase with fluid 
pressure from the moment that a lock is canceled. It can prevent by this that a cam shaft 
phase changes suddenly immediately after lock discharge, and valve timing (cam shaft 
phase) can be controlled from immediately after lock discharge to desired value. 
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[0020] Moreover, it controls by the system which supplies fluid pressure to a lock discharge 
room from either ** of a tooth-lead-angle room and a lag room like claims 2 and 3 to supply 
fluid pressure only to ** of another side at the time of starting, a fluid pressure control 
means is controlled like claim 10 after the completion of starting to supply fluid pressure to 
both a tooth-lead-angle room and a lag room, and discharge soot **** is good in the lock of 
a lock means. If it does in this way, control of lock discharge can also be performed using 
the fluid pressure control means which controls the fluid pressure of a tooth-lead-angle 
room and a lag room as it is, and the configuration of a control system can be simplified 
and the cost can be cut down. 

[0021] In the system supplied to a lock discharge room in path in which a tooth-lead-angle 
room and a lag room are another, on the other hand at fluid pressure, although fluid 
pressure may be supplied to both a tooth-lead-angle room and a lag room at coincidence, 
when it does so, the byroad of Ayr which entered the interior of equipment is lost, and 
there is a possibility that a tooth-lead- angle room and a lag room may be covered with Ayr, 
and supply of fluid pressure may be barred. 

[0022] Like claim 11 as this cure, in case the lock of a lock means is canceled, after 
supplying fluid pressure to one ** of a tooth-lead-angle room and a lag room and extracting 
Ayr, it is good to supply fluid pressure to a lock discharge room, and to cancel the lock of a 
lock means, where it supplied fluid pressure to ** of another side and fluid pressure is put 
on both **. If it does in this way, whenever it performs lock discharge, degassing inside 
equipment can be performed, and it can prevent that a tooth-lead-angle room and a lag 
room are covered with Ayr, and the gas supply pressure failure of the fluid pressure by Ayr 
can be prevented. 

[0023] Moreover, the control current of the fluid pressure control means holding a cam 
shaft phase is learned as the holding current with a holding current study means like 
claim 12, and you may make it set up the control current of the fluid pressure control 
means at the time of canceling the lock of a lock means near the holding current learned 
with the holding current study means. Lock discharge can be carried out without being 
able to hold a cam shaft phase near a middle lock phase with fluid pressure from the 
moment that a lock is canceled, being able to prevent sudden change of the cam shaft 
phase immediately after lock discharge, and spoiling the stability of an engine operation 
condition, since the lock of a lock means can be canceled where fluid pressure is put on both 
a tooth-lead-angle room and a lag room in case the lock of a lock means is canceled if it does 
in this way. 

[0024] The holding current changes according to fluid viscosity (fluidity). Moreover, fluid 
viscosity The cooling water temperature which is fluid temperature or its substitution 
information like claim 13 in order to change according to fluid temperature, Based on 
temperature information, such as engine temperature, the holding current is computed 
with a holding current calculation means, and you may make it set up the control current 
of the fluid pressure control means at the time of canceling the lock of a lock means near 
the holding current computed with the holding current calculation means. If it does in this 
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way, at the time of lock discharge, the control current of a fluid pressure control means can 
be set as the proper holding current according to fluid viscosity, and sudden change of the 
cam shaft phase immediately after lock discharge can be prevented. 

[0025] Furthermore, you may make it set the control current of the fluid pressure control 
means at the time of canceling the lock of a lock means as the value which carried out the 
predetermined value offset of the holding current like claim 14. That is, if the holding 
current learned or computed is made to offset according to present operational status, 
control specification, etc., the control current of the fluid pressure control means at the 
time of lock discharge can be optimized further. 
[0026] 

[Embodiment of the Invention] The operation gestalt (l) which applied this invention to 
the adjustable valve timing control unit of an intake valve is explained based on drawing 1 
thru/or drawing 12 below [an operation gestalt (l)]. As shown in drawing 1 , as for the 
DOHC engine 11 which is an internal combustion engine, the power from a crankshaft 12 
is transmitted to the inspired air flow path cam shaft 16 and the exhaust side cam shaft 17 
by the timing chain 13 through each sprockets 14 and 15. However, the valve timing 
adjusting device 18 which adjusts the amount of tooth lead angles of the inspired air flow 
path cam shaft 16 over a crankshaft 12 is formed in the inspired air flow path cam shaft 16. 
Moreover, the cam angle sensor 19 which detects a cam angle is installed in the periphery 
side of the inspired air flow path cam shaft 16, and, on the other hand, the crank angle 
sensor 20 which detects a crank angle is installed in the periphery side of a crankshaft 12. 
[0027] An engine speed calculates the output signal of these crank angle sensor 20 and the 
cam angle sensor 19 from the frequency of the output pulse of the crank angle sensor 20 
while it is inputted into the engine control circuit 21 and the real valve timing of an intake 
valve calculates it by this engine control circuit 21. Moreover, the output signal of the 
various sensors (the intake-pressure sensor 22, a coolant temperature sensor 23, throttle 
sensor 24 grade) which detect an engine operation condition, and the output signal of an 
ignition switch 25 or a timer 26 are also inputted into the engine control circuit 21. 
[0028] It performs adjustable valve timing control mentioned later, and this engine control 
circuit 21 carries out feedback control of the valve timing adjusting device 18 so that the 
real valve timing (the amount of real tooth lead angles of the inspired air flow path cam 
shaft 16) of an intake valve may be made in agreement with target valve timing (the 
amount of target tooth lead angles), while it performs fuel-injection control and ignition 
control based on the input signal of these various kinds. To the hydraulic circuit of this 
valve timing adjusting device 18, the oil in an oil pan mechanism 27 is supplied by the oil 
pump 28 through a hydraulic control valve 29 (fluid pressure control means), and the 
amount of real tooth lead angles of the inspired air flow path cam shaft 16 (real valve 
timing) is controlled by controlling that oil pressure by the hydraulic control valve 29. 
[0029] Next, based on drawing 2 thru/or drawing 5 , the configuration of the valve timing 
adjusting device 18 is explained. The housing 31 (the 1st body of revolution) of the valve 
timing adjusting device 18 is being bound tight and fixed to the periphery of the inspired 
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air flow path cam shaft 16 with the bolt 32 by the sprocket 14 supported free [ rotation ]. 
Thereby, rotation of a crankshaft 12 is transmitted to a sprocket 14 and housing 31 
through a timing chain 13, and a sprocket 14 and housing 31 rotate synchronizing with a 
crankshaft 12. 

[0030] On the other hand, the inspired air flow path cam shaft 16 is supported pivotable 
with the cylinder head 33 and a bearing cap 34, and Rota 35 (the 2nd body of revolution) 
binds it tight in the end section of this inspired air flow path cam shaft 16 with a bolt 37 
through a stopper 36, and it is being fixed to it. This Rota 35 is contained free [ relative 
rotation in housing 31 ]. 

[0031] As shown in drawing 3 and drawing 4 , two or more fluid rooms 40 are formed in the 
interior of housing 31, and each fluid room 40 is divided by the vane 41 formed in the 
periphery section of Rota 35 at the tooth-lead-angle room 42 and the lag room 43. And the 
periphery section of Rota 35 and the periphery section of a vane 41 are equipped with the 
seal member 44, respectively, and each seal member 44 is energized by flat spring 45 (refer 
to drawing 2 ) in the direction of a periphery. Thereby, the seal of the clearance between 
the peripheral face of Rota 35 and the inner skin of housing 31 and the clearance between 
the peripheral face of a vane 41 and the inner skin of the fluid room 40 is carried out by the 
seal member 44. 

[0032] As shown in drawing 2 , the annular tooth -lead -angle slot 46 and the annular lag 
slot 47 which were formed in the periphery section of the inspired air flow path cam shaft 
16 are connected to the predetermined port of a hydraulic control valve 29, respectively, 
and when an oil pump 28 drives under the power of an engine 11, the oil pumped up from 
the oil pan mechanism 27 is supplied to the tooth-lead-angle slot 46 or the lag slot 47 
through a hydraulic control valve 29. The tooth-lead-angle oilway 48 connected to the 
tooth-lead-angle slot 46 is formed so that it may be open for free passage to the circular 
tooth lead-angle oilway 49 (refer to drawing 3 ) which penetrated the interior of the 
inspired air flow path cam shaft 16, and was formed in the left lateral of Rota 35, and this 
circular tooth-lead-angle oilway 49 is opening it for free passage in each tooth lead-angle 
room 42. On the other hand, the lag oilway 50 connected to the lag slot 47 is formed so that 
it may be open for free passage to the circular lag oilway 51 (refer to drawing 4 ) which 
penetrated the interior of the inspired air flow path cam shaft 16, and was formed in the 
right lateral of Rota 35, and this circular lag oilway 51 is opening it for free passage in each 
lag room 43. 

[0033] A hydraulic control valve 29 is a 4 port 3 location change-over valve which drives a 
valve element by the solenoid 53 and the spring 54, and is switched between the location 
which supplies oil pressure for the location of a valve element to the tooth-lead-angle room 
42, the location which supplies oil pressure to the lag room 43, and the location which 
supplies oil pressure to neither the tooth-lead-angle room 42 nor the lag room 43. At the 
time of an energization halt of a solenoid 53, a valve element is automatically switched to 
the location which supplies oil pressure to the tooth-lead-angle room 42 with a spring 54, 
and oil pressure works in the direction which carries out the tooth lead angle of the cam 
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shaft phase. 

[0034] Where the oil pressure more than place constant pressure is supplied to the 
tooth-lead-angle room 42 and the lag room 43, a vane 41 is fixed with the oil pressure of the 
tooth-lead-angle room 42 and the lag room 43, rotation of the housing 31 by rotation of a 
crankshaft 12 is transmitted to Rota 35 (vane 41) through oil, and the rotation drive of the 
inspired air flow path cam shaft 16 is carried out in one with Rota 35. During engine 
operation, it is controlling the oil pressure of the tooth-lead-angle room 42 and the lag room 
43 by the hydraulic control valve 29, and carrying out relative rotation of housing 31 and 
Rota 35 (vane 41), and it controls the rotation phase (henceforth a "cam shaft phase") of the 
inspired air flow path cam shaft 16 over a crankshaft 12, and carries out adjustable [ of the 
valve timing of an intake valve ]. In addition, the torsion coiled spring 55 (refer to drawing 
2 ) which assists with the spring force the oil pressure force of making the relative rotation 
of Rota 35 carrying out in the direction of a tooth lead angle at the time of tooth-lead-angle 
control is held in the sprocket 14. 

[0035] Moreover, as shown in drawing 3 and drawing 4 , the stopper section 56 which 
regulates the relative rotation range of Rota 35 (vane 41) to housing 31 is formed in the 
both-sides section of any one vane 41, and the maximum lag phase of a cam shaft phase 
and the maximum tooth-lead-angle phase are regulated by this stopper section 56. 
Furthermore, in the lock pin hold hole 57 formed in other vanes 41, the lock pin 58 (lock 
means) for locking relative rotation with housing 31 and Rota 35 (vane 41) is held, and a 
cam shaft phase is locked in the abbreviation mid-position (middle lock phase) of that 
range that can be adjusted by getting into the lock hole 59 (referring to drawing 2 ) where 
this lock pin 58 was formed in housing 31. This middle lock phase is set as the phase 
suitable for starting. 

[0036] As shown in drawing 6 and drawing 7 , a lock pin 58 is inserted possible [ sliding in 
the cylinder member 61 by which fitting was carried out to the inner circumference of the 
lock pin hold hole 57 ], and is energized in the lock direction (the protrusion direction) with 
the spring 62. The clearance in the lock hole 59 serves as the lock discharge room 60, and 
the lock discharge slot 63 formed between the lock pin 58 and the cylinder member 61 is 
open for free passage in the lock discharge room 60. And in order to supply oil pressure to 
the lock discharge room 60 through the lock discharge slot 63 from the lag room 43, the free 
passage hole 65 which makes the lock discharge slot 63 and the lag room 43 open for free 
passage is formed in the vane 41. 

[0037] As shown in drawing 6 , at the time of the lock of a lock pin 58, with a spring 62, a 
lock pin 58 is held at the condition of getting into the lock hole 59, and a cam shaft phase is 
held with a middle lock phase. 

[0038] During an engine shutdown, since the oil pressure (oil pressure of the lag room 43) 
of the lock discharge room 60 and the oil pressure of the lock discharge slot 63 fall, a lock 
pin 58 is held with a spring 62 in a lock location. Therefore, if engine starting is performed 
where a lock pin 58 is held in a lock location (middle lock phase), and the oil pressure (oil 
pressure of the lag room 43) of the lock discharge room 60 and the oil pressure of the lock 
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discharge slot 63 become high after engine starting, the lock of a lock pin 58 will be 
canceled as follows by the oil pressure. If the oil pressure (force of the lock discharge 
direction) supplied to the lock discharge room 60 through the free passage hole 65 and the 
lock discharge slot 63 after engine starting from the lag room 43 becomes large rather than 
the spring force of a spring 62, with the oil pressure of the lock discharge room 60, and the 
oil pressure of the lock discharge slot 63, a lock pin 58 will be extruded from the lock hole 
59, it will move to the lock discharge location of drawing 7 R> 7, and the lock of a lock pin 
58 will be canceled. 

[0039] during engine operation, since the oil pressure (oil pressure of the lag room 43) of 
the lock discharge room 60 and the oil pressure of the lock discharge slot 63 are high, a lock 
pin 58 holds in a lock discharge location with the oil pressure - having - housing 31 and 
Rota 35 - relativity - it is held at a rotatable condition (that is, condition in which valve 
timing control is possible). 

[0040] During engine operation, the engine control circuit 21 As it functions also as a valve 
timing control means as used in the field of a claim and is shown in the control-block Fig. of 
drawing 8 , by the amount operation part 66 of real tooth lead angles While calculating the 
amount of real tooth lead angles of the inspired air flow path cam shaft 16 (real valve 
timing of an intake valve) based on the output signal of the crank angle sensor 20 and the 
cam angle sensor 19 By the amount operation part 67 of target tooth lead angles, the 
amount of target tooth lead angles of the inspired air flow path cam shaft 16 (target valve 
timing of an intake valve) is calculated based on engine operation condition signals, such 
as an engine speed, inspired air volume, and cooling water temperature. And the holding 
current Ih learned in the holding current study section 69 as computed the feedback 
control current Kb based on the deflection of the amount of real tooth lead angles, and the 
amount of target tooth lead angles and mentioned later by the PD control section 68 The 
feedback current Ifb is added, the control current I (I=Ih+Ifb) is searched for, and feedback 
control of the current of hydraulic -control- valve 29 solenoid 53 is carried out by this control 
current I. A cam shaft phase is changed and the amount of real tooth lead angles of the air 
inlet cam shaft 16 is made in agreement with the amount of target tooth lead angles by 
controlling the oil pressure of the tooth-lead-angle room 42 of the valve timing adjusting 
device 18, and the lag room 43, and carrying out relative rotation of housing 31 and Rota 
35 by this. 

[0041] Here, it is the holding current Ih. It is the control current which sets the 
tooth-lead-angle rate of a cam shaft phase to 0 (refer to drawing 9 ), i.e., the control current 
of the hydraulic control valve 29 which holds a cam shaft phase in a fixed location, if the 
holding current study section 69 mentioned above judges whether it is a steady state (the 
tooth-lead-angle rate of a cam shaft phase is 0) based on the amount of real tooth lead 
angles, and the amount of target tooth lead angles and is a steady state, as shown in 
drawing 10 - a normal signal - outputting - the control current I at that time - the 
holding current Ih ****** it updates. This holding current study section 69 plays a role of 
a holding current study means as used in the field of a claim. 
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[0042] On the other hand, since the discharge pressure of an oil pump 28 will fall if an 
engine speed falls in case an engine 11 is stopped, the oil pressure of the tooth-lead-angle 
room 42 or the lag room 43 falls. If the oil pressure (oil pressure of the lag room 43) of the 
lock discharge room 60 falls and the spring force of a spring 62 comes to overcome this oil 
pressure by this, according to the spring force of a spring 62, a lock pin 58 will project and 
it will come to get into the lock hole 59. However, in order for a lock pin 58 to get into the 
lock hole 59, it becomes conditions that both location is in agreement, i.e., the cam shaft 
phase is in agreement with a middle lock phase. 

[0043] Since an engine speed (rotational frequency of an oil pump 28) falls and oil pressure 
falls in case an engine 11 stops, a lock pin 58 is made to get into the lock hole 59 in the 
process, as the cam shaft phase changes with the load torque of a cam shaft 16 to the lag 
side automatically and it is shown in drawing 6 , and a cam shaft phase is locked with a 
middle lock phase. In addition, in case an engine 11 stops, you may make it control a 
hydraulic control valve 29 to carry out the tooth lead angle of the cam shaft phase, since a 
cam shaft phase is certainly locked with a middle lock phase. 

[0044] By the way, if engine starting is performed where a lock pin 58 is held in a lock 
location (middle lock phase) and the oil pressure (oil pressure of the lag room 43) of the lock 
discharge room 60 or the oil pressure of the lock discharge slot 63 becomes high as 
mentioned above, the lock of a lock pin 58 will be canceled by the oil pressure. However, 
when oil pressure is supplied to the lock discharge room 60 (lag room 43) or the lock 
discharge slot 63 at the time of engine starting, there is a possibility that the lock of a lock 
pin 58 may be canceled by the rise of the oil pressure accompanying the rise of an engine 
speed (engine speed of an oil pump 28) at the time of engine starting. Since a cam shaft 
phase will shift from the middle lock phase suitable for starting and will start by un-proper 
valve timing when the lock of a lock pin 58 is canceled before the completion of starting, 
startability worsens, and it will become instability until engine starting time amount 
becomes long or oil pressure rises [ the engine operation condition after starting ]. 
[0045] Then, by performing the lock discharge control program shown in drawing 11 , at 
the time of engine starting, the engine control circuit 21 supplies oil pressure only to the 
tooth-lead-angle room 42 so that oil pressure may not be applied to the lock discharge room 
60 (lag room 43) and the lock discharge slot 63, and it prevents lock discharge of the lock 
pin 58 at the time of starting. And the lock of a lock pin 58 is canceled after the completion 
of starting, controlling a hydraulic control valve 29 to apply oil pressure to both the 
tooth-lead-angle room 42 and the lag room 43, and applying lock discharge oil pressure to 
the lock discharge room 60 and the lock discharge slot 63. 

[0046] The lock discharge control program of drawing 11 is periodically performed after 
ON of an ignition switch 25, and plays a role of a lock discharge control means as used in 
the field of a claim. If this program is started, when it judges whether it is in the lock 
condition of a lock pin 58 and lock discharge has already been first carried out at step 101, 
this program is ended without performing lock discharge processing after step 102. 
[0047] On the other hand, when judged with a lock condition, it progresses to step 102, the 
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control current I of the solenoid 53 of a hydraulic control valve 29 is set as 0, and a valve 
element is controlled by the above-mentioned step 101 with the spring 54 of a hydraulic 
control valve 29 in the location which supplies oil pressure only to the tooth-lead-angle 
room 42. In this case, since oil pressure is not supplied to the lag room 43, oil pressure is 
not applied to the lock discharge room 60. 

[0048] Then, it progresses to step 103, the map of the predetermined time T which makes 
cooling water temperature a parameter is searched, and the predetermined time T 
according to current cooling water temperature is found. Here, predetermined time T is set 
as time amount [ a little ] longer than time amount required to be in the condition that 
sufficient oil pressure to control a cam shaft phase can be supplied from the completion of 
starting. Time amount required to be in the condition that sufficient oil pressure can be 
supplied, generally changes according to the viscosity (fluidity of oil) of the oil of the 
hydraulic circuit at that time, and the viscosity of oil changes according to an oil 
temperature. Therefore, if predetermined time T is set up on the map which carries out the 
parameter of the cooling water temperature which is the substitution information on an oil 
temperature, corresponding to time amount required being in the condition that sufficient 
oil pressure can be supplied changing with oil temperatures, predetermined time T can be 
set up proper. In addition, you may make it find predetermined time T using the map of 
the predetermined time T which makes an oil temperature or engine temperature a 
parameter instead of cooling water temperature. Moreover, it replaces with a map and you 
may make it compute predetermined time T using a function expression. 
[0049] It progresses to step 104 after calculation of predetermined time T, and by the 
counted value of the counter after starting (refer to drawing 12 ) which clocks the elapsed 
time from the completion of starting, if it judges whether predetermined time T has passed 
since the completion of starting and predetermined time T has not passed, it judges that 
still sufficient oil pressure to control a cam shaft phase cannot be supplied, and stands by 
at step 104. 

[0050] Then, the holding current Ih which judged that sufficient oil pressure to control a 
cam shaft phase could be supplied, progressed to step 105, and learned the control current 
I of a solenoid 53 for that of a hydraulic control valve 29 during the last engine operation at 
step 104 when judged with predetermined time T having passed since the completion of 
starting It sets up and oil pressure is supplied to both the tooth-lead-angle room 42 and the 
lag room 43. If oil pressure is supplied also to the lock discharge room 60 and the lock 
discharge slot 63 from the lag room 43 and lock discharge oil pressure becomes larger than 
the spring force of the spring 62 of a lock pin 58 by this, a lock pin 58 is extruded by lock 
discharge oil pressure from the lock hole 59, and it will be in the condition that the lock of a 
lock pin 58 was canceled. 

[0051] The example of activation of lock discharge control of the operation gestalt (l) 
explained above is explained using the timing diagram of drawing 12 . Although an oil 
pump 28 will rotate and oil pressure will begin to rise if cranking of an engine 11 is started 
by ON of an ignition switch 25, the control current of the solenoid 53 of a hydraulic control 
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valve 29 is controlled to supply oil pressure only to the tooth-lead-angle room 42, and it is 
made for oil pressure not to be applied to the lock discharge room 60 (lag room 43) and the 
lock discharge slot 63. 

[0052] The control which does not require lock discharge oil pressure for this lock discharge 
room 60 and the lock discharge slot 63 By the time it is continued until predetermined time 
T passes since the completion of starting, and it will be in the condition that sufficient oil 
pressure to control a cam shaft phase can be supplied from the completion of starting, 
when the required predetermined time T will pass The holding current Ih which learned 
the control current of the solenoid 53 of a hydraulic control valve 29 during the last engine 
operation It switches and oil pressure is supplied to both the tooth-lead-angle room 42 and 
the lag room 43. Thereby, oil pressure is supplied also to the lock discharge room 60 and 
the lock discharge slot 63 from the lag room 43, and the lock of a lock pin 58 is canceled. 
[0053] Since a hydraulic control valve 29 is controlled not to supply oil pressure to the lock 
discharge room 60 and the lock discharge slot 63 at the time of starting according to the 
operation gestalt (l) explained above, it can prevent certainly that the lock of a cam shaft 
phase will be carelessly canceled at the time of starting, and problems, such as startability 
aggravation by unprepared lock discharge, engine controllability aggravation, and noise, 
can be avoided. 

[0054] Moreover, even if starting is completed, by the time it will be in the condition that 
sufficient oil pressure to control a cam shaft phase can be supplied Until the required 
predetermined time T will pass, by the time it will be in the condition that sufficient oil 
pressure to control a cam shaft phase can be supplied from the completion of starting in 
consideration of taking a certain amount of time amount Since he is trying to cancel the 
lock of a lock pin 58 after it continues the control which does not require lock discharge oil 
pressure for the lock discharge room 60 and the lock discharge slot 63 and predetermined 
time T passes Before being in a controllable condition about a cam shaft phase, it is 
avoidable that the lock of a lock pin 58 will be canceled. 

[0055] And since he is trying to set up predetermined time T according to the cooling water 
temperature which is the substitution information on an oil temperature paying attention 
to the required predetermined time T changing according to the oil temperature at that 
time (viscosity of oil) by the time it will be in the condition that oil pressure sufficient with 
this operation gestalt (l) can be supplied, it is not necessary to newly form the sensor 
which detects an oil temperature, and it can be low-cost-ized. 

[0056] Moreover, it considers as the configuration which is made to open the lock discharge 
room 60 for free passage with the lag room 43, and supplies oil pressure to the lock 
discharge room 60 and the lock discharge slot 63 from the lag room 43 with this operation 
gestalt (1). A hydraulic control valve 29 is controlled to supply oil pressure only to the 
tooth lead-angle room 42 at the time of starting. Since a hydraulic control valve 29 is 
controlled and he is trying to cancel the lock of a lock pin 58 after the completion of starting 
so that oil pressure may be supplied to both the tooth-lead-angle room 42 and the lag room 
43 While being able to simplify the configuration of the supply path of the oil pressure to 



14/22 



Japanese Publication number : 2001-050064 A 



the lock discharge room 60 Control of lock discharge can also be performed using the 
hydraulic control valve 29 which controls the oil pressure of the tooth-lead-angle room 42 
and the lag room 43 as it is, the configuration of a control system can also be simplified, 
and the cost can be cut down generally. 

[0057] Furthermore, the holding current Ih which learned the control current of the 
solenoid 53 of a hydraulic control valve 29 during the last engine operation with this 
operation gestalt (l) when canceling the lock of a lock pin 58 It controls. Where oil pressure 
is supplied to both the tooth-lead-angle room 42 and the lag room 43, since the lock of a 
cam shaft phase is canceled A cam shaft phase can be held near a middle lock phase with 
oil pressure from the moment that a lock is canceled. While being able to carry out lock 
discharge, without being able to prevent that a cam shaft phase changes suddenly and 
spoiling the stability of an engine operation condition immediately after lock discharge, 
valve timing (cam shaft phase) is controllable from immediately after lock discharge to 
desired value. 

[0058] In addition, the holding current Ih It replaces with the function (holding current 
study section 69) to learn, is based on temperature information, such as an oil temperature, 
cooling water temperature, and engine temperature, and is the holding current Ih. The 
holding current Ih which computed the control current of the hydraulic control valve 29 at 
the time of establishing a holding current calculation means to compute and canceling the 
lock of a lock pin 58 You may make it set up near. That is, the holding current Ih It is 
based on the cooling water temperature and engine temperature which are an oil 
temperature or its substitution information since the viscosity of oil changes according to 
an oil temperature by changing according to the viscosity (fluidity) of oil, and is the holding 
current Ih. It is computable. Thus, the holding current Ih Even if it computes, the almost 
same effectiveness as the case where this is learned can be acquired. 

[0059] [An operation gestalt (2)], next the operation gestalt (2) of this invention are 
explained using drawing 13 thru/or drawing 15 . 

[0060] Although considered as the configuration which is made to open the lock discharge 
room 60 for free passage with the lag room 43, and supplies oil pressure to the lock 
discharge room 60 and the lock discharge slot 63 from the lag room 43 with the 
above-mentioned operation gestalt (l) With this operation gestalt (2), as shown in drawing 
13 and drawing 14 , the free passage hole 70 which opens the lock discharge slot 63 and the 
tooth-lead-angle room 43 for free passage is formed in a vane 41, and it is considering as 
the configuration which supplies oil pressure to the lock discharge room 60 in the lock hole 
59 through the lock discharge slot 63 from the tooth-lead-angle room 42. Furthermore, the 
oil pressure sensor (not shown) which detects oil pressure is formed in the discharge side of 
an oil pump 28. In addition, you may make it presume oil pressure from engine operation 
condition parameters, such as elapsed time from cranking initiation, cooling water 
temperature (or oil temperature), and an engine speed, without forming an oil pressure 
sensor. Other configurations are the same as the above-mentioned operation gestalt (l). 
[0061] The lock discharge control program of drawing 15 performed with this operation 
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gestalt (2) changes step 102 of drawing 11 into processing of step 102a, step 103,104 is 
changed into processing of step 104a, and processing of steps other than this is the same as 
drawing 11 . 

[0062] If judged with a lock condition at step 101, it will progress to step 102a and the 
control current I of the solenoid 53 of a hydraulic control valve 29 will be controlled by this 
program to supply oil pressure only to the lag room 43. In this case, since oil pressure is not 
supplied to the tooth-lead-angle room 42, oil pressure is not applied to the lock discharge 
room 60 and the lock discharge slot 63. 

[0063] Then, it progresses to step 104a and the oil pressure breathed out from an oil pump 
28 judges whether it is more than the predetermined pressure P. Here, the predetermined 
pressure P is set as sufficient oil pressure to control a cam shaft phase. If the oil pressure 
breathed out from an oil pump 28 is under the predetermined pressure P, it will judge that 
sufficient oil pressure to control a cam shaft phase cannot be supplied, and will still stand 
by by step 104a. Then, when the oil pressure breathed out from an oil pump 28 rises more 
than the predetermined pressure P It judges that sufficient oil pressure to control a cam 
shaft phase can be supplied, and is the holding current Ih about the control current I of the 
solenoid 53 of a hydraulic control valve 29. It sets up. Oil pressure is supplied to both the 
tooth-lead-angle room 42 and the lag room 43, oil pressure is supplied to the lock discharge 
room 60 and the lock discharge slot 63 from the tooth-lead-angle room 42, and the lock of a 
lock pin 58 is canceled (step 105). 

[0064] Also in the operation gestalt (2) explained above, since it controls not to supply oil 
pressure to the lock discharge room 60 and the lock discharge slot 63 at the time of starting, 
it can prevent certainly that the lock of a cam shaft phase will be carelessly canceled at the 
time of starting, and problems, such as startability aggravation by unprepared lock 
discharge, engine controllability aggravation, and noise, can be avoided. 
[0065] And with this operation gestalt (2), since he is trying to supply oil pressure to the 
lock discharge room 60 and the lock discharge slot 63 after the oil pressure breathed out 
from an oil pump 28 rises more than the predetermined pressure P, after going up to 
sufficient pressure for oil pressure to actually control a cam shaft phase, the lock of a lock 
pin 58 can be canceled and valve timing control can be started. 

[0066] In addition, after predetermined time T passes since the completion of starting, you 
may make it supply oil pressure to the lock discharge room 60 as well as said operation 
gestalt (l), although oil pressure was supplied to the lock discharge room 60 and the lock 
discharge slot 63 with this operation gestalt (2) after the oil pressure breathed out from an 
oil pump 28 rose more than the predetermined pressure P. 

[0067] [An operation gestalt (3)], next the operation gestalt (3) of this invention are 
explained using drawing 16 thru/or drawing 18 . However, the same sign is substantially 
given to the same part with said operation gestalt (l), and explanation is omitted. With 
this operation gestalt (3), as shown in drawing 17 and drawing 18 , the clearance between 
the cy Under member 61 and a lock pin 58 is divided at the lock oil pressure room 72 and 
the oil pressure room 73 for lock discharge maintenance by the valve portion 71 formed in 
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the central periphery section of a lock pin 58. And in order to supply oil pressure to the lock 
oil pressure room 72 and the oil pressure room 73 for lock discharge maintenance from the 
tooth-lead-angle room 42, the lock oilway 74 which is open for free passage in the 
tooth-lead-angle room 42, and the oilway 75 for lock discharge maintenance are formed in 
the vane 41. Moreover, the lock discharge oilway 76 which opens the lock discharge room 
60 and the lag room 43 for free passage is formed in housing 31. 

[0068] As shown in drawing 17 , as for under an engine shutdown, a lock pin 58 is held 
with a spring 62 in a lock location. Engine starting is performed where a lock pin 58 is held 
in a lock location (middle lock phase), and oil pressure is first supplied only to the 
tooth-lead-angle room 42. At the time of the lock of a lock pin 58, the valve portion 71 of a 
lock pin 58 closes the oilway 75 for lock discharge maintenance, and is in the condition of 
having made the lock oil pressure room 72 opening the lock oilway 74 for free passage. For 
this reason, oil pressure is supplied to the lock oil pressure room 72 from the 
tooth-lead-angle room 42, with this oil pressure and spring 62, a lock pin 58 is held at the 
condition of getting into the lock hole 59, and a cam shaft phase is held with a middle lock 
phase. 

[0069] And after the completion of engine starting, if oil pressure is supplied to both the 
tooth-lead-angle room 42 and the lag room 43, the lock of a lock pin 58 will be canceled as 
follows by the oil pressure. If the force of the lock discharge direction produced from the lag 
room 43 with the oil pressure supplied to the lock discharge room 60 through the lock 
discharge oilway 76 becomes larger than the force of the lock direction produced with the 
oil pressure and the spring 62 of the lock oil pressure room 72, a lock pin 58 will be 
extruded from the lock hole 59, it will move to the lock discharge location of drawing 18 , 
and the lock of a lock pin 58 will be canceled. 

[0070] In the state of this lock discharge, as shown in drawing 18 , the valve portion 71 of a 
lock pin 58 closes the lock oilway 74, and will be in the condition of having made the oil 
pressure room 73 for lock discharge maintenance opening the oilway 75 for lock discharge 
maintenance for free passage. Thereby, oil pressure is supplied to the oil pressure room 73 
for lock discharge maintenance from the tooth-lead-angle room 42, and with the oil 
pressure (oil pressure of the tooth-lead-angle room 42) of the oil pressure room 73 for this 
lock discharge maintenance, and the oil pressure (oil pressure of the lag room 43) of the 
lock discharge room 60, a lock pin 58 resists a spring 62 and is held in a lock discharge 
location. 

[0071] during engine operation, since either oil pressure of the tooth-lead-angle room 42 
and the lag room 43 is high, a lock pin 58 holds in a lock discharge location with the oil 
pressure " having - housing 31 and Rota 35 relativity - it is held at a rotatable 
condition (that is, condition in which valve timing control is possible). 

[0072] An engine 11 at the time of a halt by the fall (the discharge pressure of an oil pump 
28 falls) of an engine speed If the oil pressure of the tooth-lead-angle room 42 or the lag 
room 43 falls, the oil pressure (oil pressure of the tooth-lead-angle room 42) of the oil 
pressure room 73 for lock discharge maintenance and the oil pressure (oil pressure of the 
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lag room 43) of the lock discharge room 60 will fall. If the spring force of a spring 62 comes 
to overcome such oil pressure, according to the spring force of a spring 62, a lock pin 58 will 
project and it will come to get into the lock hole 59. 

[0073] With this operation gestalt (3), the engine control circuit 21 performs the lock 
discharge control program of the same drawing 11 as said operation gestalt (l), it supplies 
oil pressure only to the tooth-lead-angle room 42 so that oil pressure may not be applied to 
the lock discharge room 60 (lag room 43) at the time of engine starting, and it prevents lock 
discharge of the lock pin 58 at the time of starting. And after the completion of starting, 
when a predetermined lock discharge execution condition is satisfied, the lock of a lock pin 
58 is canceled, controlling a hydraulic control valve 29 to apply oil pressure to both the 
tooth-lead-angle room 42 and the lag room 43, and applying lock discharge oil pressure to 
the lock discharge room 60. Here, a lock discharge execution condition is that 
predetermined time has passed since starting, that the oil pressure breathed out from an 
oil pump 28 rose beyond the predetermined value, etc. 

[0074] In the condition that a lock pin 58 is in a lock location with the operation gestalt (3) 
explained above In the condition that the oil pressure of the tooth-lead-angle room 43 is 
made to act in the lock direction of a lock pin 58, and a lock pin 58 is in a lock discharge 
location Since he is trying to make the oil pressure of the tooth-lead-angle room 43 act in 
the lock discharge direction of a lock pin 58, while being able to heighten more the lock 
discharge prevention effectiveness at the time of starting, after the completion of starting 
can stabilize for it and hold a lock pin 58 in a lock discharge location. 

[0075] In addition, what is necessary is to be good also as a configuration which made the 
tooth-lead-angle room 42 open the lock discharge room 60 for free passage, and made the 
lag room 43 open the lock oil pressure room 72 and the oil pressure room 73 for lock 
discharge maintenance for free passage contrary to the above-mentioned operation gestalt 
(3), to supply oil pressure only to the lag room 43 in this case at the time of engine starting, 
and just to control a hydraulic control valve 29 to apply oil pressure to both the 
tooth-lead-angle room 42 and the lag room 43 after the completion of starting. 
[0076] [Operation gestalt (4)] above-mentioned each operation gestalt (l) Although 
considered as the configuration which is made to open the lock discharge room 60 for free 
passage with the tooth-lead-angle room 42 or the lag room 43, and supplies oil pressure to 
the lock discharge room 60 from the tooth-lead-angle room 42 or the lag room 43 in - (3) 
With the operation gestalt (4) of this invention shown in drawing 19 thru/or drawing 22 , it 
is considering as the configuration which supplies oil pressure to the lock discharge room 
60 in the lock hole 59 in path in which the tooth-lead-angle room 42 and the lag room 43 
are another. Hereafter, an opposite sign is attached and explained about a different part 
from said operation gestalt (l). 

[0077] As shown in drawing 19 thru/or drawing 21 , the discharge hydraulic control valve 
78 (fluid pressure control means) only for lock discharge other than the hydraulic control 
valve 29 which controls the oil pressure of the tooth-lead-angle room 42 and the lag room 
43 is formed. The annular discharge slot 77 by which additional formation was carried out 
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is connected to the periphery section of the inspired air flow path cam shaft 16 at the 
discharge hydraulic control valve 78, and the oil pumped up by the oil pump 28 is supplied 
to the discharge slot 77 through the discharge hydraulic control valve 78. The discharge 
oilway 79 connected to the discharge slot 77 is formed so that it may be open for free 
passage to the free passage hole 80 which penetrated the interior of the inspired air flow 
path cam shaft 16 and a bolt 37, and was formed in the Rota 35 interior, and this free 
passage hole 80 is opening it for free passage into the lock discharge slot 63 (refer to 
drawing 2020 and drawing 2 1 ). 

[0078] A discharge hydraulic control valve 78 is the 2 port 3 location change-over valve 
which drives a valve element by the solenoid 82 and the spring 81, and it switches between 
the location which supplies oil pressure for the location of a valve element to the lock 
discharge room 60 and the lock discharge slot 63, the location which connect the lock 
discharge room 60 and a lock discharge slot 63 to a drain, and the location which connect a 
lock discharge room 60 and a lock discharge slot 63 to neither an oil pump 28 nor a drain. 
[0079] With this operation gestalt (4), the engine control circuit 21 performs the lock 
discharge control program of drawing 22 . It will progress to step 202, and if judged with a 
lock condition at step 201, the control current of the solenoid 82 of the discharge hydraulic 
control valve 78 will be controlled by this program so that a valve element switches to the 
location (for example, location which connects the lock discharge room 60 and the lock 
discharge slot 63 to a drain) which does not supply oil pressure to the lock discharge room 
60 and the lock discharge slot 63. 

[0080] Then, it progresses to step 203, the control current of the solenoid 53 of a hydraulic 
control valve 29 is controlled to supply oil pressure only to the lag room 43, and it judges 
whether predetermined time S has passed since the hydraulic-pressure-supply initiation to 
the lag room 43 at the following step 204. Here, predetermined time S is set as time 
amount required for Ayr inside equipment to fall out by supply of oil pressure. If 
predetermined time S has not passed, it still judges that degassing inside equipment is not 
enough, and stands by at step 204. 

[0081] Then, when judged with predetermined time S having passed since the 
hydraulic-pressure-supply initiation to the lag room 43 at step 204, It judges that 
degassing inside equipment was carried out, progresses to step 205, and is the holding 
current Ih about the control current I of the solenoid 53 of a hydraulic control valve 29. It 
sets up and oil pressure is supplied to both the tooth-lead-angle room 42 and the lag room 
43. At the following step 206 It judges whether predetermined time T has passed since the 
completion of starting. This predetermined time T is computed by a map or the function 
expression according to cooling water temperature, engine temperature, fluid temperature, 
etc., and is set as time amount [ a little ] longer than time amount required to supply 
sufficient oil pressure to control a cam shaft phase from the completion of starting. If 
predetermined time T has not passed since the completion of starting, it judges that still 
sufficient oil pressure to control a cam shaft phase cannot be supplied, and stands by at 
step 206. 
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[0082] Then, when judged with predetermined time T having passed since the completion 
of starting at step 206, it judges that sufficient oil pressure to control a cam shaft phase 
was supplied, and progresses to step 207, and the control current of the solenoid 82 of the 
discharge hydraulic control valve 78 is controlled to supply oil pressure to the lock 
discharge room 60 and the lock discharge slot 63, and the lock of a lock pin 58 is canceled. 
[0083] Also in the operation gestalt (4) explained above, since oil pressure is not supplied to 
the lock discharge room 60 and the lock discharge slot 63 at the time of starting, it can 
prevent certainly that the lock of a lock pin 58 will be canceled at the time of starting, and 
problems, such as startability aggravation, engine controllability aggravation, and noise, 
can be avoided. 

[0084] by the way, in the system which supplies oil pressure to the lock discharge room 60 
and the lock discharge slot 63 in path in which the tooth-lead-angle room 42 and the lag 
room 43 are another, like this operation gestalt (4) If it does so although you may make it 
supply oil pressure to both the tooth-lead-angle room 42 and the lag room 43 at coincidence 
in case the lock of a lock pin 58 is canceled The byroad of Ayr which entered the interior of 
equipment is lost, and there is a possibility that the tooth-lead-angle room 42 and the lag 
room 43 may be covered with Ayr, and supply of oil pressure may be barred. 
[0085] In that respect, with this operation gestalt (4), in case the lock of a lock pin 58 is 
canceled First, since he is trying to supply oil pressure to both the tooth-lead-angle room 42 
and the lag room 43 after the predetermined time S required to supply oil pressure to the 
lag room 43, carry out degassing inside equipment, and for Ayr fall out passes Whenever it 
performs lock discharge, degassing inside equipment can be performed, and it can prevent 
that the tooth-lead-angle room 42 and the lag room 43 are covered with Ayr, the gas supply 
pressure failure of the oil pressure by Ayr can be prevented, and operational reliability can 
be improved. 

[0086] In addition, after supplying oil pressure to the tooth-lead-angle room 42, you may 
make it supply oil pressure to both ** 42 and 43, although oil pressure was supplied to both 
** 42 and 43 with the above-mentioned operation gestalt (4) after supplying oil pressure to 
the lag room 43. 

[0087] Moreover, although it was made to perform the oil pressure control of the 
tooth-lead-angle room 42 and the lag room 43, and the oil pressure control of the lock 
discharge room 60 and the lock discharge slot 63 by the separate control valve (a hydraulic 
control valve 29 and discharge hydraulic control valve 78), it may be made to perform the 
oil pressure control of the tooth-lead-angle room 42 and the lag room 43, and the oil 
pressure control of the lock discharge room 60 and the lock discharge slot 63 by one control 
valve. 

[0088] The holding current Ih which learned or computed the control current of a hydraulic 
control valve 29 (solenoid 53) with each operation gestalt explained above when canceling 
the lock of a lock pin 58 The holding current Ih which learned or computed the control 
current of a hydraulic control valve 29 although it was made to set up You may make it set 
it as the value made to offset according to current operational status, control specification, 
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etc. If it does in this way, the control current of the hydraulic control valve 29 at the time of 
lock discharge can be optimized further. 

[0089] Moreover, although each above-mentioned operation gestalt applies this invention 
to the adjustable valve timing control device of an intake valve, this invention may be 
applied to the adjustable valve timing control device of an exhaust air bulb. In addition, 
this invention may change the structure of a valve timing adjusting device suitably, and, in 
short, should just be the valve timing adjusting device of the method which locks a cam 
shaft phase with a middle lock phase. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The outline block diagram of the whole control system in which the operation 
gestalt (1) of this invention is shown. 

[Drawing 2] Drawing of longitudinal section of the valve timing adjusting device of an 
operation gestalt (l) 

[Drawing 31 The sectional view shown along with the A-A line of drawing 2 

[Drawing 4] The sectional view shown along with the B-B line of drawing 2 

[Drawing 51 The sectional view shown along with the OC line of drawing 4 

[Drawing 61 The partial expanded sectional view showing the lock condition of the lock pin 

of an operation gestalt (l) 

[Drawing 7] The partial expanded sectional view showing the lock discharge condition of 
the lock pin of an operation gestalt (l) 

[Drawing 8] The control-block Fig. for explaining valve timing control of an engine control 
circuit 

[Drawing 9] Drawing showing the tooth-lead-angle rate property of a cam shaft phase 
[Drawing 10] The block diagram for explaining the holding current study approach of the 
holding current study section 

[Drawing 111 The flow chart which shows the flow of processing of the lock discharge 
control program of an operation gestalt (l) 

[Drawing 12] The timing diagram which shows the example of control of an operation 
gestalt (l) 

[Drawing 13] The sectional view of the valve timing adjusting device of the operation 
gestalt (2) of this invention 

[Drawing 14] The partial expanded sectional view showing the lock condition of the lock 
pin of an operation gestalt (2) 

[Drawing 15] The flow chart which shows the flow of processing of the lock discharge 
control program of an operation gestalt (2) 

[Drawing 16] The sectional view of the valve timing adjusting device of the operation 
gestalt (3) of this invention 

[Drawing 17] The partial expanded sectional view showing the lock condition of the lock 
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pin of an operation gestalt (3) 

[Drawing 18] The partial expanded sectional view showing the lock discharge condition of 
the lock pin of an operation gestalt (3) 

[Drawing 19] Drawing of longitudinal section of the valve timing adjusting device of the 
operation gestalt (4) of this invention 

[Drawing 201 The sectional view shown along with D-D line of drawing 19 

[Drawing 211 The partial expanded sectional view showing the lock condition of the lock 

pin of an operation gestalt (4) 

[Drawing 221 The flow chart which shows the flow of processing of the lock discharge 
control program of an operation gestalt (4) 

[Drawing 231 The sectional view of the conventional valve timing adjusting device 
[Description of Notations] 

11 - An engine (internal combustion engine), 12 - 14 A crankshaft, 15 - Sprocket, 16 - An 
air inlet cam shaft, 17 - An exhaust cam shaft, 18 - Valve timing adjusting device, 19 - A 
cam angle sensor, 20 - A crank angle sensor, 21 Engine control circuit (a valve timing 
control means, lock discharge control means), 28 An oil pump, 29 - A hydraulic control 
valve (fluid pressure control means), 31 - Housing (the 1st body of revolution), 35 [ - 
Tooth-lead-angle room, ] - Rota (the 2nd body of revolution), 40 - A fluid room, 41 A 
vane, 42 43 [ - Lock pin (lock means), ] - A lag room, 53 - A solenoid, 54 A spring, 58 59 
[ - A lock oil pressure room, 73 / - The oil pressure room for lock discharge maintenance 78 
/ - A discharge hydraulic control valve (fluid pressure control means) 79 / Discharge 
oilway. ] - A lock hole, 60 - A lock discharge room, 69 - The holding current study section 
(holding current study means), 72 
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